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PGC-1 regulates energy homeostasis and mitochondrial activity. In this issue, Rera et al. (2011) show that
dPGC-1 overexpression in Drosophila intestinal stem cells and their immediate progeny extends organismal
life span and protects against age-related loss of intestinal homeostasis and integrity, thereby establishing
a link between mitochondria, tissue stem cells, and aging.Mitochondria supply energy to maintain
cellular functions and play an important
role in protecting against cellular aging.Figure 1. A Working Model
Explaining How dPGC-1 Might
Regulate ISC Aging and
Organismal Aging as
Demonstrated in the Study by
Rera et al
dPGC-1 overexpression in intestinal
stem cells (ISC) and immediate pro-
genitor cells enteroblasts (EB) leads
to an increase inmitochondrial activity
and a decrease in intracellular ROS
levels throughout the intestinal epithe-
lium. dPGC1 overexpression prevents
age-related loss of intestinal homeo-
stasis and integrity and promotes
longevity in Drosophila.However, mitochondria also
produce reactive oxygen spe-
cies (ROS) that have been
shown to contribute to the
aging process. Cells develop
active mechanisms for fighting
against cellular aging, in part
by increasing mitochondrial
activity and reducing cellular
ROS levels. The transcriptional
coactivator PGC-1a (peroxi-
some proliferator-activated re-
ceptor g coactivator 1a) is an
attractive anti-aging candidate
since it increases mitochon-
drial biogenesis and activity,
and decreases cellular ROS
levels by activating expression
of antioxidant enzyme genes
(Li et al., 2008). Drosophila has
become an attractive model
for studying aging genetics
(Japer and Jones, 2010). In
this issue, a study by Rera
et al. (2011) shows that intes-
tinal stem cell (ISC) lineage-
specific expression of dPGC-1,
the Drosophila homolog of
PGC-1a, extends organismal
life span in flies. Although die-
tary restriction, germline re-
moval and increased stress
tolerance have been shown to
promote longevity in a variety
of species (Kenyon, 2010),
Rera et al. (2011) found that
dPGC-1 overexpression in
ISCs/EBs had minimal impacton reproduction, energy consumption,
and stress response. Instead, the authors
demonstrated that dPGC-1 increasedCell Metabolism 14,mitochondrial biogenesis and delayed
the age-dependent decline in ISC and
gut function (Figure 1).NovemberLoss of PGC-1 function in
the fly fat body has been previ-
ously reported to decrease the
expression of mitochondrial
proteins involved in oxidative
phosphorylation complexes,
thuscausing respirationdefects
(Tiefenbo¨ck et al., 2010). Con-
sistent with this observation,
Rera et al. (2011) showed that
ubiquitous dPGC-1 overex-
pression in Drosophila resulted
in increased mitochondrial
biogenesis and respiratory oxi-
dative activities. In addition,
dPGC-1 overexpression also
decreased triglyceride levels
while increasing stored gly-
cogen and free glucose levels.
These findings confirm the con-
served role of PGC-1 in the
regulation of mitochondrial ac-
tivity and metabolism in flies
and mammals. Surprisingly, in2, 2011 ª2011 Elsevier Inc. 571
Cell Metabolism
Previewsspite of these beneficial effects, ubiqui-
tous expression of dPGC-1 induced a
moderate decrease rather than an in-
crease in adult life span, raising the possi-
bility that dPGC-1 overexpression might
have adverse effects in selected tissues.
Recent studies have suggested a coor-
dination of tissue and organismal aging.
For instance, FOXO/4E-BP signaling in
muscle protects against organismal aging
in Drosophila by preventing systemic
accumulation of protein aggregates with
age (Demontis and Perrimon, 2010). A
key observation made by Rera et al.
(2011) was that dPGC-1 overexpression
specifically in the digestive tract as well
as in ISCs, and their immediate daughter
enteroblasts (EBs) extended the life spans
of both males and females. The contribu-
tion of ISCs to the regulation of longevity
has been recently proposed by Jasper
and colleagues, who showed that re-
duced insulin/IGF or JNK signaling pro-
moted ISC proliferative homeostasis and
extended life span (Biteau et al., 2010).
ISCs actively proliferate to generate EBs
and maintain gut homeostasis; however,
in the aged gut epithelium, accumulation
of ISCs and misdifferentiation of ISC
daughter cells result in intestinal dysplasia
(Biteau et al., 2010). Interestingly, Rera
et al. (2011) showed that dPGC-1 overex-
pression in ISCs/EBs slowed down the
age-related misdifferentiation of imme-
diate daughter cells and improved gut
integrity in aged flies, which may be
necessary for preventing infection and
toxin entry and for improving nutrient
absorption to promote organismal
survival.
Progressive loss of mitochondrial ac-
tivity is a hallmark of aging (Green et al.,
2011). Rera et al. (2011) showed that
dPGC-1 overexpression in Drosophila
ISCs/EBs increased the activities of mito-
chondrial complex I and II and slowed
down the age-dependent decline in mito-572 Cell Metabolism 14, November 2, 2011 ªchondrial membrane potential in the aged
gut. Importantly, the authors reported that
endogenous dPGC-1 gene expression
decreased with age in the gut epithelium,
whereas it was maintained in overex-
pressing flies. Although this downregula-
tion could explain the decrease in mito-
chondrial activity in aged tissues, it will
be of interest to experimentally test if
ISC/EB-specific knockdown of dPGC-1
can also enhance ISC aging and organ-
ismal aging. PGC-1 is known to activate
expression of antioxidant enzyme genes
in mammalian cells (St-Pierre et al.,
2006), while ROS-induced cellular dam-
age has been implicated in ISC aging in
Drosophila (Hochmuth et al., 2011).
Consistently, Rera et al. (2011) also
showed that upregulation of dPGC-1 in
ISCs and immediate daughter cells was
sufficient to decrease ROS levels not
only in ISCs/EBs but also throughout the
whole-intestinal epithelium of aged flies.
These findings represent an important
step in understanding the mechanism by
which dPGC1 restricted overexpression
in ISCs/EBs delays aging at the whole-
body level.
The study by Rera et al. (2011) suggests
that manipulating dPGC-1 expression in
ISCs/EBs using the esg-gal4 driver is
sufficient to extend life span; however, in
spite of great efforts to demonstrate its
cellular specificity of this driver, it still
remains possible that dPGC-1 is overex-
pressed in rare cells where it could also
promote longevity. Therefore, it will be of
interest to find additional ISC/EB-specific
gal4 drivers for the definitive demonstra-
tion that slowing down ISC aging has a
positive influence on life span. Further-
more, it remains unclear how delayed
ISC aging leads to organismal longevity.
Since decreased insulin signaling has
been demonstrated to slow down ISC
aging and extend life span in Drosophila
(Biteau et al., 2010), it is tempting to2011 Elsevier Inc.speculate that dPGC-1 overexpression
in ISCs/EBswould result in the production
of an unknown systemic factor(s), which
can either repress insulin/IGF signaling
in other tissues to achieve life-span ex-
tension or directly control life-span
extension.
Collectively, these data demonstrate
that dPGC-1 delays ISC aging by in-
creasing mitochondrial activity and de-
creasing ROS levels to improve intestinal
homeostasis and extend life span (Fig-
ure 1). This study represents an exciting
advance for our understanding of organ-
ismal aging and raises the possibility
that decreased PGC-1 activity in high-
turnover tissues might affect longevity in
mammals as well.REFERENCES
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